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. Ingested dietary components cause a well-understood physiological response that readjusts metabolism and restores energy balance, and that is controlled by nutrients, hormones and systemic factors 2 . But little is known about how dietary components might affect stem-cell biology to alter tissue function or tumour development 3 . On page 53 of this issue, Beyaz et al. 4 show that an increase in diet ary fat directly promotes the proliferation of intestinal stem cells (ISCs) and the progenitor cells to which they give rise, perhaps resulting in more 'seeds' that can develop into cancer.
Tissue homeostasis in the gut requires that resident ISCs maintain a dynamic balance between self-renewal, which expands the stem-cell pool, and differentiation into daughters -intestinal progenitors that eventually give rise to all the mature lineages of the intestinal epithelium (the intestinal lining). Nutrients cause changes in a variety of circulating factors that influence adult stem-cell biology, affecting this balance and so altering tissue remodelling and regeneration 2 . In addition, ISCs are in close contact with dietary constituents undergoing digestion, and so are directly regulated by molecular components of ingested food.
Beyaz et al. report that a high-fat diet (HFD) elevates the number and proliferation rate of both ISCs and progenitors in mice. This alteration led to elongation and regeneration of pits in the epithelium called crypts, in which these cell types are located. The HFD augmented the ability of intestinal crypts to give rise to mini-gut-like structures called organoids when cultured in vitro -an approach that is widely used to assay ISC activity. Progenitors from HFD mice could also form organoids, suggesting that they become more stem-cell-like under HFD conditions (Fig. 1) . Rather than being a result of obesity per se, these changes in ISC and progenitor behaviour were caused by certain fatty acids in the HFD.
Despite the changes in ISC and progenitor function, Beyaz and colleagues found that the overall length and weight of the intestine were reduced in mice fed an HFD, compared with control animals. And, explaining this finding, the number of certain mature cell typesabsorptive cells and Paneth cells, which defend against harmful bacteria in the gut -was lower in HFD mice. Together, these findings imply that an undifferentiated ISC pool is maintained despite the expanded numbers and increased regenerative potential of the ISCs.
Stem cells normally reside in a specialized environment called a niche, in which communication with neighbouring cells ensures their precise regulation. Paneth cells are an essential part of the niche 5 , and are interspersed throughout it. A previous study 6 from the same group revealed that calorie restriction increases the number of niche Paneth cells, promoting ISC self-renewal and subsequent intestinal regeneration. By contrast, in the current study, the authors demonstrated that an unrestricted HFD uncoupled the ISCs from their niche, allowing them to adjust to the
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Dietary fat promotes intestinal dysregulation
In mice, a high-fat diet has now been found to induce intestinal progenitor cells to adopt a more stem-cell-like fate, altering the size of the gut and increasing tumour incidence. See Article p.53 resulting volume of space that can be explored will be tens of times greater than could be seen during the GW150914 detection, and will allow the direction of future events to be determined much more accurately than was possible for GW150914.
Surprises undoubtedly await, particularly given that the ability to detect gravitational waves at new frequency ranges is being developed in facilities such as the space-based Evolved Laser Interferometer Space Antenna and the ground-based International Pulsar Timing Array, and for various experiments that are studying the polarization of the cosmic microwave background (the oldest light in the Universe). Just as when Galileo turned his telescope to the heavens for the first time, every thing will be new. It is truly a privilege to be present at the dawn of gravitational-wave astronomy. ■ 4 report that some of the fatty acids in a high-fat diet (HFD) activate a signalling cascade that involves the nuclear receptor protein PPAR-δ and the protein β-catenin. The cascade increases ISC and progenitor proliferation, makes progenitors more stem-cell-like and enables ISCs to grow in the absence of signals from Paneth cells. This HFD-mediated expansion of the stem and progenitor pool promotes tumour formation. decrease in Paneth-cell numbers. For instance, several signalling proteins (such as Jag1 and Jag2) that are normally produced by Paneth cells are upregulated in HFD-derived ISCs, sustaining niche-independent growth. The incidence of human colorectal cancer correlates with diet-induced obesity 7 . Furthermore, adult stem cells are speculated to be the origin of some cancers 8 . Beyaz et al. showed that the increased pool of ISCs and ISC-like progenitors induced by an HFD predisposed mice to intestinal tumours. By contrast, calorie restriction -which also increases ISC numbers 6 -is associated with reduced tumour initiation 1 . The mechanistic differences underlying altered stem-cell function in each condition may partially explain this discrepancy. Calorie restriction is associated with increased interactions between the niche and ISCs, whereas HFD-associated, niche-independent growth allows stem cells to escape physiological regulation. How the molecular pathways modulated by these two dietary regimens intersect and communicate in ISCs remains to be investigated, and might identify putative therapeutic targets.
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Gene-expression profiles often provide clues to the state of a cell. Nuclear receptors such as PPAR and LXR proteins sense nutrients and regulate gene expression, providing a connection between diet-induced metabolic changes and these profiles 9 . Beyaz and colleagues analysed gene expression and found that genetic targets of one PPAR, PPAR-δ, were upregulated in ISCs in HFD mice compared to ISCs in control mice. PPAR-δ is linked to a signalling cascade called the Wnt-β-catenin pathway 10 , which is involved in the development of intestinal tumours. In the current study, genetic and pharmacological experiments revealed that activation of PPAR-δ and Wnt-β-catenin signalling mediates, at least in part, the effects of dietary fats on ISC and progenitor function and intestinal tumour formation.
This work provides a plausible cellular and molecular explanation for how an excess of dietary fat remodels the intestine. However, questions remain about how the basic mechanisms of action of dietary fat affect systemic energy metabolism and other gastro intestinal diseases apart from cancer. For instance, it is known that diet can influence immune and metabolic activities by directly modulating the diversity and functions of the gut microbiota (the population of microorganisms that inhabit the gut), but it remains unclear whether and how such changes in the microbiota integrate with the PPAR-δ pathway. Because the microbiota differs between individuals, the interplay between microbiota and ISCs under HFD conditions might modulate an individual's tumour risk.
It would be interesting to investigate the contribution of ISCs to gut inflammatory disorders such as Crohn's disease because, as with cancer, an HFD accelerates the progress of these disorders independently of obesity 11 . Furthermore, it is not known whether an HFD affects the gut's neuroendocrine system (the hormone-releasing cells that receive input from neurons), perhaps through its effects on ISCs and progenitors, to contribute to the metabolic alterations associated with obesity, type 2 diabetes or cardiovascular diseases.
The current study does not address whether the effects of an HFD on gut architecture are reversible. Moreover, it is unclear how changes in dietary regimens affect ISC function. Finally, further investigation will be needed to determine whether dietary or pharmacological interventions that target ISCs could maintain healthy intestinal function and reduce the incidence of tumours or other HFD-associated human diseases. Such research, building on the foundation provided by the current study, will be important for defining future steps in personalized human nutrition and health. ■
SPACE SCIENCE
Cosmic rays beyond the knees
The development of a radio technique for detecting cosmic rays casts fresh light on the origins of some of these accelerated particles, and suggests that they might have travelled much farther than was previously thought. See Letter p.70
A N D R E W M . TAY L O R
A technique for measuring the composition of cosmic rays in the energy range 10 17 to 10 17.5 electronvolts -a range thought to mark the transition point from Galactic to extragalactic cosmic rays -is reported by Buitink et al. 1 on page 70 of this issue. The findings have implications for our understanding of the sources of these mysterious rays.
Energetic protons and atomic nuclei arriving at Earth are classified as cosmic rays. The spread in energy of these particles is impressive, covering ten orders of magnitude (Fig. 1) . The most energetic cosmic rays have energies more than 10 million times those achievable for protons at the Large Hadron Collider, the world's most powerful particle accelerator at CERN in Geneva, Switzerland. This begs the question of what cosmic sources can accelerate particles to such high energies.
Clues about the origin of cosmic rays come from both their composition and their energy spectra. Unfortunately, these particles arrive at Earth rather infrequently -only one particle with an energy greater than 10 17 eV arrives each day in every 10,000 square metres. This scarcity makes it difficult to build detectors able to capture sufficient arrival events to draw statistically meaningful conclusions. At present, detector size and observation times are limited by the use of optical detectors 2 , which have areas of up to a few square kilometres and can operate only on clear, moonless nights.
The region between about 10 15.5 eV and 10 18.5 eV (the second energy value is called the ankle; Fig. 1 ) in the energy distribution of cosmic rays demarks an area of change. At energies higher than 10 15.5 eV, the composition of cosmic rays changes from lightweight particles, such as protons and helium nuclei, to increasingly heavy ones, such as the nuclei of carbon and heavier elements. These changes are thought to be associated with the maximum energies up to which Galactic sourcespossibly supernova remnants (SNRs) -can accelerate cosmic rays 3 . The maximum energy for Galactic protons (the proton knee) is about 10 15.5 eV, whereas that for iron nuclei (the iron knee) is about 10 17 eV. The ankle is thought to be dominated by particles from extragalactic sources 4, 5 , for example active galactic nuclei, γ-ray bursts or neutron stars. But, within this picture, the origin of cosmic rays between the iron knee and the ankle is unclear.
Buitink et al. investigated the cosmic-ray composition in this energy region using a new
